Here we analyze how the angular momenta (spins) of black holes in the centers of Active Galactic Nuclei (AGN) affect the shape of the Fe Kα line emitted from their accretion disks. For that purpose, we compared the observed line profile in the case of radio galaxy 3C 405 (Cygnus A) with its profiles, obtained by numerical simulations based on ray-tracing method in the Kerr metric. Our results show that the spins of rotating central black holes of AGN have significant influence on their Fe Kα line shapes. Also, we found that in the case of Cygnus A the observed line is probably emitted from the innermost region of its slightly inclined accretion disk around very slowly rotating or even stationary central black hole.
INTRODUCTION
Nowadays it is widely accepted that the Fe Kα spectral line at 6.4 keV, which is observed in the X-ray spectra of a number of AGN, is probably emitted from a very compact region near their central supermassive black hole. Therefore, this line represents a powerful diagnostic tool for studying physics and structure of the innermost regions of AGN, as well as the most important characteristics (such as masses and spins) of their central supermassive black holes (see e.g. Jovanović & Popović 2008) .
Radio-loud and radio-quiet AGN show not only different optical-to-radio flux ratios but some significant differences are present in their spectra. Also, radio-quiet AGN are well studied in the X-ray band, what is not the case for radio-loud ones, mostly due to poor angular resolution and/or sensitivity of the present detectors (Gambill et al. 2003) . 3C 405 (Cygnus A) is a radio-loud AGN which represents an exception from this rule, mostly due to its proximity (z = 0.0562). The existence of the Fe Kα line near 6.0 keV in its X-ray spectrum was discovered by Chandra (Wilson et al. 2001) . Therefore, Cygnus A is a suitable radio-loud AGN to study the effects of its black hole spin on the shape of its Fe Kα line.
RESULTS AND DISCUSSION
In order to study the effects of black hole spin on the shape of the Fe Kα line we first used the numerical simulations of disk emission based on the raytracing method in the Kerr metric (see Jovanović & Popović 2009 and references therein) to obtain the simulated Fe Kα line profiles. After that we determined the spin of the central black hole of 3C 405 by comparing its simulated and observed line profiles. Since the complex profile of the Fe Kα line depends on different parameters (see Fabian et al. 2000) , in order to separate contribution of the black hole spin, we performed simulations for a grid of input parameters, such as radius of the line emitting region, disk inclination and angular momentum (spin) of the central black hole.
Simulated images of the accretion disk around a supermassive black hole and the corresponding Fe Kα line profiles for two different values of its spin are presented in Figure 1 . In these simulations, the disk extends from the radius of marginally stable orbit (R ms ) to 40 R g , where R g is the gravitational radius. As one can see from Figure 1 , R ms strongly depends on the black hole spin, which • in the Kerr metric for the angular momenta a = 0.1 (upper panels) and a = 0.998 (lower panels). consequently also affects the profile of the line originating in the innermost parts of the disk (Brenneman & Reynolds 2006) . Simulated Fe Kα line profiles for several values of the black hole spin and for two inclinations of the accretion disk are presented in Figure 2 . It follows that the black hole spin especially affects the red wing of the Fe Kα line, and that this wing is more extended toward lower energies for higher values of the spin (see Reynolds & Nowak 2003; Jovanović & Popović 2008) . At the same time, the line becomes wider and its red peak brighter (see Table 1 for numerical values). However, one has to take into account that some other parameters, like disk inclination, also could have significant influence on the line profile, as can be seen from Figure 2 . Table 1 . The ratios between the red and blue peak intensities (I r /I b ) and widths at half of the blue peak intensity in the case of the simulated Fe Kα line profiles from Figure 2 We now use the results of the above numerical simulations for analyzing the observed Fe Kα line profiles in the case of Cygnus A and for estimating its black hole spin. Comparisons between four simulated and one observed profile of the line in the case of Cygnus A are presented in Figure 3 . We conclude that the best fit is obtained for slightly inclined accretion disk (i = 17
• ), extending from R ms to 10 R g and for very slowly rotating or even stationary black hole.
CONCLUSIONS
The most important results of this investigation can be summarized in the following items. (1) angular momentum of the rotating black hole has a significant influence on the Fe Kα line shape. (2) comparisons between the modeled and observed line profiles allow us to determine the black hole spin; this we demonstrate in the case of Cygnus A; (3) the observed Fe Kα line of Cygnus A is probably emitted from the innermost region of the disk, close to its very slowly rotating or even stationary black hole. (4) since Cygnus A is an extended radio source powered by outflow, the obtained results for its black hole spin can be compared to the corresponding estimates from the beam power of the outflow (e.g., see Daly 2011) .
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